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EMERGENCY  CABIN  LIGHTING  INSTALLATIONS:  AN 
ANALYSIS  OF  CEILING-  VS.  LOWER  CAB IN -MOUNTED 
LIGHTING  DURING  EVACUATION  TRIALS 


INTRODUCTION 


Post-crash  fire  lias  been  the  sinqle  most  important  factor  contributing 
to  loss  of  life  in  survivable  air  carrier  and  commuter  aircraft  accidents 
for  survivors  of  the  crash  impact.  Many  fatalities  have  occurred  because 
the  cabin  filled  with  smoke  with  a  resulting  loss  of  visual  reference,  panic, 
and  eventual  incapacitation  due  to  the  toxic  properties  of  the  smoke.  Par¬ 
ticulate  matter  (smoko)  in  the  cabin  may  absorb,  reflect  and  refract  emergency 
liuhtir.a  to  the  extent  that  emergency  lighting  and  exit  signs  provide  little 
or  no  visual  evacuation  information.  The  Loss  of  visual  cues  for  direction 
and  distance  to  the  nearest  usable  exit  can  significantly  prolong  the  time 
required  to  evacuate  the  aircraft,  thus  subjecting  passengers  to  irritants 
and  toxic  by-products  of  combust  ion  for  longer  periods  (1). 

The  Protection  and  Survival  Laboratory  of  the  Civil  Aeromed i ca 1 
Institute  (CAM!)  initiated  a  program  to  study  cabin  lighting  in  response 
to  a  request  from  the  Federal  Aviation  Administration's  Systems  Research 
and  Development  Service,  Washington,  D.C.  (2).  The  purpose  of  the  study  was 
to  evaluate  the  relative  effectiveness  of  emergency  cabin  liqhting  under 
conditions  of  stratified  or  layered  smoke  in  an  aircraft  cabin  with  respect 
to  passenger  evacuation  rates.  Two  lighting  systems ,  one  a  conventional 
ceiling-mounted  system  ana  the  other  an  ai si  e-nous,  ted  system  were  compared 
luring  evaeuat ion  t  rials  in  the  CAM I  ovacuat  Lon  simulator.  The  program, 
which  began  in  l«7f>,  evaluated  the  effectiveness  of  present  lighting 
requirements  in  dense  cabin  smoke  typical  of  a  post-crash  fa  re  environment. 

A  CAMT  memorandum  report  was  published  in  1077  as  an  interim  report  (.1)  out¬ 
lining  speci'Mc  emergency  lighting  .systems  to  be  evaluated  in  relation  to 
rh"  adequacy  of  current  lighting  requirements  when  exposed  to  a  smoke  envi¬ 
ronment  and  with  specific  appl ication  to  human  evacuation  performance. 

Before  launching  into  the  full  series  of  evacuation  tests,  which  form 
t  he  basis  for  t  his  report ,  evacuation  tests  were  conducted  to  evaluate  the 
use  of  light-'  lit. e'ing  goggles  a;;  an  alternative  to  white  smoke  in  evacuation 
*  eating.  The  smoke  goggle  development  was  completed  in  1 07B  and  cited  in  a 
■'A'-'I  memorandum  resort  (•!).  The  goggle  was  developed  in  an  attempt  to  over- 
one  the  difficulty  of  record  test  subject  movement  in  the  cabin  on  film 
when  actual  smoko  was  used  to  restrict  visibility.  Test  sub  iocts  were  each 
riven  a  pair  of  ;r>ok"  goggles  designed  to  decrease  light  transmission  and 
;  rovide  a  h.u’.o  ''  idor.  Preliminary  tests  wore  conducted  on  July  20  and 
August  1  ,  1  ,  t  ev  \ 1  gate  the  visibility  limitations,  of  both  goggles  and 

white  s:>  >i  ut.  !*■>  emerc -ncy  lighting  conditions.  The  results  of  those  tests 

were  !'•  i  rto-i  i ..  ,  amt  research  t.i.k  juarterly  report  (5).  After  completing 
this  :  r.‘l  ;  u  ir;  .  "a '  uat  ion,  it  was  concluded  that  the  smoke  goggles  should 
a  u  •  i  •  •  ■  ••  irul.it'  *  ho  effects  ef  smoko  or  evaluate  alternate  lighting 
■c/c,:-'  i,(  ai  .■  •  the  goggle.;'  inability  to  simulate  the  layering  or  the 
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depth  effects  of  smoke  as  a  liqht  attenuating  medium.  It  was  also  concluded 
that  photoqraphic  recording  of  test  subject  movements  with  layered  smoke  in 
the  cabin  could  be  accomplished  by  using  imaqe  intensifying  devices  on  the 
cameras . 

During  the  same  time  period,  the  FAA  Technical  Center,  formerly  the 
National  Aviation  Facilities  Experimental  Center  (NAFKC) ,  conducted  engineer¬ 
ing  tests  of  emergency  lighting  in  black  smoke  but  could  not  conduct  human 
subject  evacuations  due  to  the  toxic  properties  of  the  smoko.  The  study, 
published  in  a  NAFEC  Technical  better  Report  (6),  found  that  ceiling-mounted 
lights  and  siqns  are  effectively  blocked  from  view  by  layered  smoke  and  there 
is  a  significant  decrease  in  effective  cabin  illumination  levels  even  thouqh 
cabin  air  temperatures  are  still  at  a  survivable  level.  Aisle  liqhtinq  was 
evaluated  in  the  forms  of  armrest-mounted  fluorescent  1 ights  and  floor-mounted 
electroluminescent  strip  lights  with  the  conclusion  that,  in  a  smoke-filled 
cabin,  aisle  lighting  mounted  near  floor  level  provides  passenger  awareness, 
exit  location  information,  and  cabin  illumination  for  a  longer  |  eriod  of  time 
than  ceiling  or  bulkhead- mounted  lights. 

With  the  previously  mentioned  work  laying  the  foundation,  the  following 
study  was  undertaken  to  evaluate  the  relative  effectiveness  of  two  types  of 
emergency  cabin  lighting  under  conditions  of  stratified  or  layered  smoke  in 
an  aircraft  cabin.  To  relate  emergency  lighting  installation  locations  with 
evacuation  performance,  a  test  program  consisting  of  six  series  of  four  trial 
evacuations  each  were  con-.luovod  at  CAM  I  during  dune  and  July  1080.  This  report 
describes  the  conduct  of  those,  tests  and  the  Jesuits  of  the  program. 


METHODS 

Subjects .  A  group  of  40  subjects  was  used  for  each  evacuation  series 
with  the  exception  of  the  first  series  which  used  20  subjects,  for  a  total  of 
220  subjects.  The  subjects  were  furnished  under  contract  which  required  that 
they  meet  the  criteria  of  a  representative  mix  of  the  flying  public  by  aqe 
and  sex  and  had  not  participated  in  an  emergency  evacuation  within  the  preced¬ 
ing  6  months  as  specified  in  Federal  Aviation  Regulation  (FAR)  Sections  25.801 
(7),  and  121.291,  Appendix  D  (8).  Table  1  breaks  the  subject  population  down 
by  sex  and  mean  aqe  for  each  test  series. 

Cabin  Configuration  and  lighting.  The  evacuation  simulator  was  maintained 
m  ,i  level  attitude  at  ground  level.  A  4.9m  (1«>  ft)  by  2.4m  (8  ft)  by  1.2m 
(4  ft)  black  plastic:  shroud  was  placed  outside  the  Type  A  exit  to  form  a  tunnel 
to  prevent  outside  light  from  entering  the  cabin  (Figure  1).  A  floor-to-ceiling 
partition  was  placed  just  inside  the  exit,  effectively  blockinq  from  subject 
view  the  actual  exit  as  they  evacuated  along  the  aisle  and  also  served  to 
further  block  any  external  light  at  the  exit. 
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TABU;  l.  Sub  ieet  Descript  ion 


Test 

cries 

Ma  le 

Number  of  Subjects 
Female 

Tot  a  I 

Mean  Age  (Yrs) 

A 

8 

12 

20 

28.  H 

B 

18 

•> 

40 

2  3.0 

C 

1  5 

25 

40 

25.0 

D 

.m  /::  3* 

1  5 

10/  ;h 

2  >.  2/23. 2 

1  7 

2  3  y  22** 

40.  '39 

29.0/29. 5 

i.' 

1  5 

25 

40 

35.2 

* \  boy,  age  10,  dropped  out  after  the  first  control  evacuation  and  was 
not  included  in  the  mean  aqe  calculation.  A  25-year-old  male  dropped 
cut  after  the  third  evacuation  when  lie  reinjured  an  old  knee  injury. 

**A  7-year-old  female  dropped  out  after  the  second  evacuation  because  of 
apprehension  about  the  vi porous  activity  and  the  smoke  environment. 


The  system  of  lower  cabin-mounted  emerqency  lighting  consisted  of 
i rm res t - mounted  aisle  1 iqhts  and  bulkhead-mounted  exit  locator  siqns.  The 

•  m:  in  interior  was  con fi cured  with  double  and  triple  seats  the  full  lenqth 

; he  coach  cabin.  Alternate  left  and  right  seat  rows  were  equipped  with 
.a',  aisle  1  i  oil  t  assembly  built  into  the  armrest  (Fiuuro  2).  The  liuht  units 
wi.'  re  n-wat  t:  fluorescent  tubes  mounted  behind  an  edge-lit  prismatic  Lumipane 
!';:■!)*  lens.  This  upper  lens  contained  a  directional  arrow  and  the  words 
"KMKRilF.NfY  KXIT."  Kach  uni  '  also  had  a  lower  prismatic  light  panel  that 
illuminated  the  nisli  and  lower  portion  of  the  armrest.  In  the  forward 
;  art  of  the  cabin  two  twin  seat s  had  newer  prototypes  of  aisle  lighting 
designs.  The  left  side  twin  seat  had  a  1-watt  fluorescent  tube  behind  a 
l.umit  me  (TV.)*  Ions  built  into  the  top  of  the  armrest  and  a  lower  .lisle 
i  lood  Panel  which  provided  light:  on  the  aisle  (Figure  1).  The  right  side 
twin  seat  had  a  4-watt  fluorescent  tube  enclosed  on  three  sid.i  s  by  a  white 
reflect  or  and  mounted  under  the  aisle  scat  bottom  cushion. 

Two  K— Wat  t  fluorescent  exit  locator  signs  (directional  arrows)  wore 
mounted  on  t  'no  cross-aisle  bulkhead  (Figure  4),  at  and  below  the  midpoint 
ot  the  cabin  *  loot— t  o-oei 1 ino  distance.  The  upper  sign  shown  at  midpoint 
■  »  he  ••abin  w.is  i  oca  1 1  ■.  i  122cm  (approx  i  mat  e  1  y  48  in)  above  the  cross  aisle. 
:"•’•  lower  sign  w  is  located  idem  (a:  pri’xi  mate  1  y  10.5  in)  above  the  aisle, 

:ii-  i  ;  r'vidn!  r  level  illumination  as  well  as  exit  location  information 

*  t  tv  '  sail-  jt-et  ; . 


in  opt  ic  i.iuht  ooap.,  Fort  Worth,  Toxas 
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The  lightin.i  -systom  used  for  c<>tn[M  i  i '  >i,  wa.  ■  .  s:i;  <  .  d  rei  I  itM-mounted 
fixtures  with  i  ncan.lescent  bulbs  ;•»•«  .tiding  ‘tenet. il  •  •  i :  b  1  I  1  -ami  i,.i  *  i .  n 
1  .  lux  (0.  1 1  tool  can.lLe)  ,it  iso.it  armrest  hei-iht  without  .moke  it:  t  lie  cubit, 
riiis  value  is  more  than  twice  the  minimum  value  r."ini  ns  by  I  'At-'  Jh.Hll!  (e)  ('■>) 


•\  single  incandescent  cross-aisle  exit  locator  sitjn  and  two  exit  identifica¬ 
tion  siuns  were  also  used  as  ;  art  of  the  conventionally  mounted  emer';encv 
lighting  system.  The  cross-aisle  sign  (Figure  5)  was  a  Luminator  (TM)  *  unit 
located  .’4r>cm  (‘)»> . 5  in)  above  the  floor  anil  provided  0. 12  lux  (0.03  foot 
•andle)  on  the  cross  aisle  which  is  also  above  the  minimum  specified  by  FAR 
l‘j .  1 (o)  .  i'iio  of  the  two  exit  identifier  signs  was  a  cabin  sidewall- 
Tii ••unted.  Luminator  (TM)**  unit  located  137cm  (14  in)  above  the  floor.  The 
•>thcr  exit  identifier  was  a  brinies***  unit  mounted  l'JKcm  (78  in)  above  floor 
level  and  above  the  Type  A  exit  (Figure  A). 


Layered  Sn*>ko.  'I ho  inci  t  ,  wti  ? '  e  ,  jmmoxic  smoko  was  gone  rated  by  a 
V;  ['('i  Foti  (TF)*  ,;ck  >ko  g*.  ti-o  at  • '(  .  ,  ho  ■  i  i  srhn  r  <;•  ■  nor.xje  was  placed  into 

:  ho  intake  of  a  smoko  .iistribut  ion  :  y  ..ton:  which  consisted  of  a  squirrel 
•age  fan  and  1  1  ttv  motoi  which  tonvi  t  h<*  smoko  into  a  plenum  forminq  a 
•Y"  into  two  ('-inch  diamt  tc-r  ducts  (Pigure  7).  The  orifice  of  the  upper 
•net  directed  smoke  towuids  the  at t  cabin.  The  lower  orifice  was  equipped 
v’ith  vanes  giving  the  smoke  i  counterclockwise  vortex  in  the  forward 
shin.  Preliminary  work,  includim;  smoke  optical  density  measurements, 
rad  shown  this  to  be-  an  ettect  i  vo  and  reproducible  method  for  crf.it  inq  a 
Invert'd  smoke  euv i  ronrient  it.  the  robin  of  the  evacuation  simulator  (see 
\coendix  A). 
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l-’i. jure  7.  Smoke  d  i  s  t  r  i  bu  t  i  on  system  ductwork  shown 
with  white  smoke  being  discharged. 
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Photometric  Inst  t  ament  at  ion.  !  u'h  I  !  l  .1 1  til:  ■  .'.nn.it  ion  ‘i'i  it':; 
was  recorded  on  l(>mm  mot  ion  riot  ate  film  with  -  tu  ■  oxt.-ti  n  ami  two  into 


cameras.  IXt  r  inn 

t  lie  trials  with  sim  .k.  • , 

t  ill'  lid 

i  •  r  i '  t  t 

.  tint'  i\*s 

wi  r  e  e<iu  1 1 

with  Javelin  Mode 

1  d.’O  Niaht  View  in-;  I'e' 

•ices*  t 

O  |  *  *  !  !!1  ] 

t  1  1  >w 

1  aid  level 

phot oq raphy .  A  t 

iiniiui  clock  Was  !  laced 

in  t  lie 

t  : .  ■  1  v  i  ■ 

!  V  1  •  ”a 

of  t  he  1  'Xt 

camera  and  the  re 

ar  interior  camera  was 

■vaui  pi  t 

d  wi  '  i; 

IilJPUT  1 

1  i  ini  ikj  a  1 

the  film  nurq i  11 . 

Thi'  real  camera  male 

1  "i  >ve  rot 

t  i  1*  ■  si 

i .  S 

is  they  n 

the  ond  of  the  1  2 .  Sni  (41  foot  )  main  aislo,  t  lit  nod  i  nt .  .  t  ho  cross  aisle, 
exited  through  the  Type  A  exit  (Fiaure  H,  interior  vi.  w)  . 


Ki'iuto  .  Intoi  iot  view  of  cross  aisle  at  the  Type  A 

exit  showim't  out  ranee  into  exit  shroud  (darkened 
t  untie  1  )  . 

! 1  i  v .  ,  At  o  i  ; ,  ■  •  .01  .  !  1.  1,0.  Annies,  ,al  i  Ini'ni.i. 


r  ior 
j  >ed 

er  ior 
1  >nu 
lehed 

and 


*,  1.  IVe  1  1  li  Fleet  J  ,1,1 


their  stepped  into  t.  ho  center  aisle,  ind  m.  >vi  •  i  t .  >wai  d  »  tie  exit. 

The  I  (.'nun  motion  picture  camera.t  were  >; -or.it  oil  at  .’-I  1  ]  /:*  :  tamos  •  or 

SO fi  'ltd . 


iAv.oiation  Alarm  and  Timing  System.  The  ova  ant  a-:  alarm  be  I  !  ,  ‘  !  ash- 
bulbs,  and  the  timing  cluck;:  were  i  n  1 01  connect  <■- i  mrm  the  t  inti  n-t  system 
witich  was  cent  r<' 1  led  front  the  aft  cabin  1-y  -t  mastui  -witch.  The  switch 
activation  sturtid  the  timing  clock:; ,  fired  t  ite  t  1  usnl-ul  bs  to  idoti*  i  !  y 
thi'  first  film  t  rami'  of  the  trial,  a.. I  I  ivutc-i  t  h.o  t  onto*,  e  tl.tritt  toil  i 

the  tarw-tr-l  c.thdn  signaling  the  start  of  the  trial  to  the  subjects.  The 
l.iico  1  !  imo  t  !  em  start  of  the  trial  to  the  time  the  last  sub  ject  moved  from 
tnr  c.e.tt  row  i  tit  the  main  aisle  was  recorded  on  hand-hold  stopwat  dies. 


Tin  cal  >oot  ■;  were  qiveti  a  briefing  about  the  purpose  of  testing,  the 
i-  act  s’  u.it  are  of  the  task  they  would  be  required  to  perform,  the  potential 
nitn-t  hazards  t  iiov  might  be  exposed  to,  and  the  aenor.il  (experimental 
e::\- i  t  - 'nntt't.t  .  No  information  was  qivon  about  the  specific  nature  of  the 
;  r  '  ioc*  >[  wit.if  1  iqhtinq  or  smoke  condition  they  could  expect  on  a  given 
t  :  :"ue  :  r  imary  instructions  wore  to  listen  to  the  CAMT  flight 

a  *  *  t  *  '  in.st  ructions,  do  as  they  were  told,  and  evacuate  the  simulator 
,t,  -  i:  i  di  v  .is  possible.  Each  subject  wore  a  numbered  vest  for  identifica- 

r  c  n  c  •  ".n  ied  an  ass i (mod  seat  with  a  corresponding  number  for  each 


!■’<■>  1  lowi  n  j  the  test  protocol  (Appendix  P)  ,  full  bright  cabin  lighting 
was  enplovt-d  on  the  two  control  evacuation  trials  in  each  series.  The 
:  til  1  hriuht  1 ight inq  was  also  used  on  the  third  and  fourth  trials  with 
smoke  until  after  the  smoke  had  been  introduced  into  the  cabin  for  60 
seconds  and  had  layered  uniformly  in  the  upper  half  of  the  cabin.  The 
bright  cabin  lights  were  then  turned  off  and  the  emergency  lighting  appro¬ 
priate  for  that  particular  trial  was  turned  on.  As  the  layered  smoke 
began  to  settle  into  the  lower  half  of  the  cabin,  the  evacuation  boll  was 
sounded.  The  time  the  lights  were  switched  to  emergency  until  the 
bell  sounded  was  approximately  10  to  U>  seconds,  limiting  time  for  visual 
dark  adaptation  bv  the  subjects. 

The  use  or  each  emergency  lighting  system  was  counterbalanced  throughout 
the  six  series  of  evacuations  to  minimize  bias  resulting  from  presentation 
order,  residual  learning  offecLs,  and  subject  fatigue  or  boredom.  Upon 
robo.irding  from  the  previous  trial,  the  subjects  wore  briefed  on  their 
performance  on  the  previous  trial  and  were  encouraged  to  imagine  them¬ 
selves  in  -i  real  emergency  during  the  upcoming  trial.  Different  versions 
of  a  basic  juest ionnairc  were  given  to  each  subject  alter  each  trial  to 
record  their  subjective  impressions  of  vut  ions  aspects  of  the  just  com¬ 
pleted  trial,  in. -lading  their  feelings  and  evaluations  of  a  number  of 
env i moment  a  1  features  in  the  cabin  (see  Appendix  C)  .  In  addition  to  the 
CAM!  flight  attend. ml ,  at  least  throe  additional  test  potsonnel  supervised 
the  subjects  to  insure  theii  safety. 
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RESULTS 


The  times  from  the  start  of  each  trial  until  the  last  subject  crossed 
the  exit  threshold  are  shown  in  Table  2 .  ALso  shown  are  the  elapsed  times 
until  the  last  subject  moved  from  the  seat  row  into  the  main  aisle.  The 
firs:  and  second  con!  I  i-vacu.it  ions  averaged  32.7  and  24.8  seconds  respec¬ 
tively  for  all  series  of  evacuations  for  an  overall  improvement  of  7.*)  seconds 
or  11..’  percent  on  the  second  trial.  These  trials  were  intended  to  bring  the 
atones  up  'o  a  common  experience  level  and  minimize  the  interaction  of  learn¬ 
ing  effects  with  tin  main  variable  cur:  rig  subsequent  trials.  Such  initial 
improvement  was  in  general  agreement  with  the  results  of  a  previous  study  of 
! earning  luting  several  succ-  ssivo  evacuation  re petit  ions  (10).  This  training 
experience  also  a! lowed  those  person-1  who  had  reservations  about  participating , 
>r  who  encountered  a  physical  problem  moving  rapidly  in  a  crowded  aisle*,  to 
withdraw  from  tin*  tests,  before  t  i  ir. mount  trials  with  emergency  lighting 
and  white  smoki  .  Withdrawals  ..uv  not  ed  for  Per  ion  P  an  i  b  at  the  not  tom  of 
Tables  1  and 

eeries  A  trial.-  wore  to  be  a  sempli  t  e  series  sea  led  down  to  half  size 
(20  f -a.  subjects)  to  verify  i  vacua,  t  i.  on  j  rocedures, ,  chccd;  1  ist  s,  and  teamwork 
of  the  CAM  1  craw.  Per  n*;.  A  evacuation  '  r  i.ils  1-1  ■..••■re  corn  doted  without 
probe  ms,  and  ir.di  vica.i !  evacuat  ion  rate  t.'a  (  jeoorv.h;  'sub*  io.  i)  were  recorded 
or.  film.  Series  .A  data  hav<  !  een  incl  ud*-d  m  the  analysis  of  rates  of  evacu¬ 
ation  where  total  evacuees  ana  .utr!  tin,..-,  arc-  ..;eeondary  to  the  individual 
performance.  When  total  times  and  jrout*  rat.es  «*.re  discussed ,  appropriate 
rotes  arc  made  for  .-cries  A. 

Tab  1 e  2  shows  overnlL  evacuat ion  times  for  groups  of  40  experienced 
subjects.  Ai  si  (.--mounted  l  i  jhirng  .hews  significant  improvement  over  con¬ 
ventional  cei 1 i ng-mounted  lighting  under  smoke  conditions.  An  overall 
performance  improvement,  at  4  : -ore- u  it  for  the  aiedt  light  ing  was  evident 

when  combining  averages  for  t  :.e  count  <*rha lanced  1 1  i,us. 

Average  evacuat  b  *n  rates  jut  subject  arc  shown  in  figure  0  as  combined 
trials  of  counterbalanced  tests  and  also  with  trials  of  all  series  combined. 
Table  4  shows  the  percentage  imptovomenl  in  average  evacuation  rates  per 
subject,  using  aisle  lighting  compared  to  ceil i no-mounted  lighting. 

Direct  aisle  lighting  resulted  in  shorter  time  per  subject  evacuation 
rates  regardless  of  whether  it  was  employed  before  (lb. 8  percent)  or 
subsequent  to  (21.')  percent)  the  trial  employing  ooi 1 ing-mountod  lights. 

An  overall  performance  improvement  of  Id. 7  percent  is  indicated  for  the 
combined  third  and  fourth  aisle  lighting  trials  compared  to  the  ceiling- 
mounted  lights. 

DJbdUSSIOK 

As  early  as  linn,  concern  for  upgrading  cabin  lighting  criteria 
became  apparent.  A  series  of  FAA  and  industry  conferences  were  held  to 
review  regulations  involving  crashworthiness  and  passenger  evacuation. 

As  a  result  of  these  meetings,  the  regulation  on  emergency  lighting, 

FAK  i art  2A.B12,  was  extensively  rewritten  and  amended  October  24,  1067 . 
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TABI.E  2.  Total  Evacuation  Times  Per  Trial 


Test 

Series 

Trial 

Total  Time  for  Last  Time  for  Last 

Subject  to  Reach  Exit  Subject  Into 

Threshold  (sec)  Aisle  (sec) 

Number 

of 

Subject 

A 

1 

27.5 

14.6 

20 

2 

17.7 

8.6 

20 

3 

Ceiling 

29.8 

7.8 

20 

4 

Aisle 

21.3 

4.4 

20 

B 

1 

33.4 

19.2 

40 

2 

25.3 

17.2 

40 

3 

Aisle 

37.0 

13.2 

4  0 

4 

Ceilinq 

40.4 

20.6 

40 

'  C 

1 

34 . 0 

no  data 

40 

2 

28.1 

14.4 

40 

3 

Ceiling 

44.5 

17.8 

40 

4 

Aisle 

36 . 5 

12.0 

40 

D 

1 

34.0 

14.0 

40 

2 

24.7 

10.4 

39 

3 

Aisle 

28.6 

13.4 

39 

4 

Cei  l  inq 

34 . 6 

no  data 

38 

E 

1 

32.0 

17.4 

40 

2 

26.4 

10.2 

40 

3 

Ceilinq 

38.9 

13.8 

39 

4 

Aisle 

30.5 

10.6 

39 

F 

1 

35.4 

24 . 2 

40 

2 

26.3 

21.0 

40 

3 

Aisle 

13.0 

17.6 

40 

4 

Ceiling 

44.1 

21  .4 

40 

NOTES : 

Total  evacuation  times  for  Series 

;  A  are  not  comparable 

to  other 

series  because 

of  smaller  number 

of  subjects. 

Ceilinq  -  Ceilinq-mountod  emerqency  liqhts 
Aisle  -  Aisle-mounted  emerqency  liqhts 

Uneven  number  of  subjects  in  Series  D  and  E  are  the  result  of 
subjects  withdrawing  from  voluntary  participation. 
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TABLE  3.  Percent  Improvement  of  Overall  Evacuation  Rate  With 
Direct  Aisle  Lighting  vs.  Ceiling-Mounted  Illumination 
Using  Experienced  Subjects  With  Layered  Smoke 


! 


Test 

Series* 

Lighting  System 
Sequence 

Total  Evacuation 
Time  (seconds) 

Improvement 

b,c,d, 

E  S  F 

Control 

Trial  1  average 

33.79 

Control 

Trial  2  average 

26.14 

22.6% 

B ,  D, 

&  F 

Aisle  Lights 

Average  third  trials 

32.85 

17.2% 

Ceiling  Lights 

Average  fourth  trials 

39.70 

C  S  E 

Aisle  Lights 

Average  fourth  trials 

33.49 

19.7% 

Ceiling  Lights 

Average  third  trials 

41.73 

R,C,D, 

E  &  F 

Aisle  Lights 

Combined  third  and 
fourth  trials 

33.17 

18.54% 

Ceiling  Lights 

Combined  third  and 
fourth  trials 

40.72 

♦Series 

A  has  been  eliminated  from 

this  data  as  the 

first  series 

used  only  20  test  subjects  per  trial. 
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Seri  os  A,C,M',  Scries  S,l),.sK  All  Series 

Kvac-u.it  ion  Trials  Fva  .-nation  Trials  Combined 

Combined  (.-('mill  nod 

Trials  with  amoke  in  the  cabin. 


i’iiiiii  i  ■;  .ml  i  no.  1  Tr  i  ils  Kv.ic-u.it  ion  Kates  (Seconds  /Sub  iect ) 

The  method  used  to  counterbalance  trials  is  shown 
qraphically  with  Series  A,  C,  and  K  havinq  ceiling 
liqhtinc)  a;;  the  third  trial  and  Series  B,  D,  and  F 
where-  ceilirw;  liqhts  were  used  as  the  fourth  trial 


TABLE  4.  Percent  Improvement  in  Evacuation  Rates 
With  Direct  Aisle  Lighting  vs.  Ceiling-Mounted  Emergency 
Lighting  Using  Experienced  Subjects  With  Layered  Smoke  in  the  Cabin 

Lighting  System  Sequence  Average  Evacuation  Percentage 

Rate  (Seconds/Subject)  Improvement 

Aisle  Liqhts  -  third  trials  0.84  16.8 

Ceiling  liqhts  -  fourth  trials  1.01 

(118  Subjects) 

Aisle  lights  -  fourth  trials  0.89  21.9 

Ceiling  lights  -  third  trials  1.14 

(99  Subjects) 

Aisle  lights  -  combined  trials  0.86  19.7 

Ceiling  lights  -  combined  trials  1.07 

(All  217  Subjects) 


In  May  1972,  the  lighting  criteria  was  again  revised  to  upgrade  emergency 
liqhting  system  requirements  f or  wide-bodied  aircraft.  Since  that  time  no 
significant  changes  have  been  made  in  emergency  lighting  requirements. 

There  has  been  no  requirement  that  general  cabin  emergency  lighting  or 
exit  locator  and  identification  signs  be  proven  effective  in  a  cabin  smoke 
environment . 

Depending  on  its  density  and  distribution  in  an  aircraft  cabin,  smoke 
can  become  a  considerable  restriction  to  effective  visibility.  Because 
smoke  tends  to  stratify  in  an  aircraft  cabin,  with  progressively  increasing 
optical  densities  from  f 1 oor- to-cei l ing  levels,  emergency  liqhting  and 
internally  illuminated  signs  mounted  in  the  upper  one-third  to  upper  one- 
half  of  the  cabin  may  be  rendered  ineffective  even  though  the  smoke 
densities  in  the  lower  part  of  the  cabin  may  be  considerably  less  visually 
restrictive.  Lights  and  signs  which  are  restricted  from  view  by  smoke 
offer  little  guidance  during  the  evacuation.  This  is  reflected  in  the 
increase  in  evacuation  times  recorded  for  trials  using  ceiling-mounted 
liqhts,  as  shown  in  average  evacuation  rates  in  Figure  9  and  Table  4. 

Relocating  emergency  exit  signs  and  locator  siqns  lower  in  the  cabin 
would  appear  to  fulfill  the  requirement  of  FAR  25.811(c),  reference (H) 
which  states  that  means  must  be  provided  to  assist  occupants  in  locating  the 
exits  in  conditions  of  dense  smoke.  The  criteria  for  dense  smoke  are  not 
defined  but  the  results  of  studies  on  the  effect  of  smoke  on  the  visibility 
of  exit  siqns  (12,13)  indicate  that  signs  similar  to  those  meeting  the 
criteria  of  FAR  25.312(b) (1) (i)  are  not  readable  with  any  degree  of 
certainty  when  the  total  optical  density  of  the  smoke  between  the  observer 
and  the  siqns  exceeds  approximately  3.5.  This  value  is  based  on  otherwise 
optimal  viewing  conditions  and  therefore  probably  exceeds  the  density  that 
would  render  the  signs  ine f feet i vo  in  an  actual  emergency  situation 


involving  smoke  in  the  cabin.  The  presence  of  even  very  low  concentra¬ 
tions  of  irritant  gases  in  the  cabin  will  produce  a  loss  of  visual  acuity 
and  impairment  of  vision  (14).  Larger  or  brighter  signs  are  a  relatively 
ineffective,  or  at  least  inefficient,  approach  to  compensating  for  higher 
smoke  densities  though  such  signs  may  be  more  effective  in  meeting  their 
intended  purpose  at  lower  optical  densities.  With  this  limitation,  the 
most  apparent  method  for  improving  the  visibility  of  the  signs  in  the 
presence  ot  smoke  is  to  locate  them  lower  in  the  cabin  where  the  smoko  is 
normally  less  dense,  but  high  enough  above  floor  level  to  be  seen  without 
obstruction  from  view  by  interior  features  such  as  seat  backs  or  the  move¬ 
ment  of  passengers  through  the  cabin.  The  decreases  shown  in  evacuation 
times  for  trials  using  armrest- mounted  aisle  lighting  in  this  study 
indicates  the  e f J ect iveness  of  lighting  systems  mounted  below  the  layered 
smoke  (see  percent  improvement  in  Table  4). 

By  mounting  signs,  aisle  lights,  and  cross-aisle  markers  at  or  below 
tile  midpoint  of  the  cabin,  illumination  in  the  aisle  can  be  achieved  in 
layered  smoke  at  or  above  present  minimum  levels  with  proper  sitting  and 
spacing  of  lights.  The  option  for  alternate  mounting  locations  of  emer¬ 
gency  exit  marking  signs  and  emergency  illumination  of  the  lisleway 
presently  exists  it.  the  regulatory  requirements  of  Part  ll.SU  (d)  (2,.l) 
and  .15. Bid  (c).  At  least  one  such  adoption  of  this  concept  hoc,  been  accom¬ 
plished  on  modifications  to  several  Gulf stream  American  G-1C  aircraft 
with  certification  by  FAA  Southern  Region  in  December  1980  (see  Arrendix  D) . 

The  modification  included  mounting  emergency  light  units  under  every  third- 
seat  row,  flooding  the  lislewav  with  illumination  at  a  level  above  that 
which  is  required  by  regulation.  This  cert,  i  f  i  cat  ion  was  granted  with 
technical  guidance  on  emergency  lighting  from  the  FAA  Technical  Center's 
Fire  Safety  Branch,  ACT- 150. 

FAR  25.812  (c)  does  not  require  that  general  emergency  lighting  systems 
be  mounted  at  the  ceiling  or  other  overhead  locations  even  t.nouoh  the 
requirement  for  measurement  of  illumination  levels,  might,  be  interpreted 
to  imply  such  a  location.  A  direct  aisle-lighting  system,  such  as  was 
used  in  this  study  and  as  found  on  the  C>ul  f  stream  aircraft,  concent  rate* 
the  general  emergency  lighting  in  the  aisle  space  below  armrest  level. 
Similarly,  FAR  25.812(d)  does  not  specify  the  mounting  position  for  the 
signs  that  provide  illumination  of  the  cross-aisle  passageways  to  the  floor 
level  exits.  However,  to  the  extent  that  the  passageway  lighting  is 
provided  from  the  same  fixtures  as  provide  exit  location  and 'or  identifica¬ 
tion  information,  FAR  25.811(d)(1)  specifies  that  such  signs  be  located 
above  the  cross  aisles  or  at  other  overhead  locations.  Locating  the  exit 
locator  signs  lower  in  t  hi'  cabin  area  mav  or  may  not.  meet  this  require¬ 
ment  depending  on  the  part  ieular  definition  of  "overhead."  If  "overhead" 
is  defined  as  above  the  passenger’s  seated  head  height,  the  exit  locator 
signs  could  bo  mounted  lower  in  the  cabin  and  still  meet  the  requirement 
of  being  mounted  above  (higher  than)  the  aisle.  An  exit  locator  sign 
mounted  halfway  down  a  bulkhead  or  galley  partition  would  still  be  visible 
from  the  passenger's  seated  position.  During  the  evacuation  trials,  with  smoke 
layered  most  heavily  in  the  upper  third  of  the  cabin,  subjects  tended  to 
crouch  down  or  stoop  over  t.o  avoid  the  smoke,  and  were  looking  for  the 
exit  from  just  above  seatback  height.  Those  individuals  who  were  first 
low: i  th.i'  aisle  had  the  greatest  need  to  see  exit  locator  signs  below  the 


layeree.  smoko.  ''thei  sulnects  followed  m  trail  a:;  documented  on 
film  coverage  of  each  trial  evacuation.  During  trials  with  ceil  ing- 
mounted  Lights  and  signs  engulfed  in  smoke,  subjects;  had  no  visual  refer¬ 
ence  as  to  exit  location  from  a  crouched  body  position,  thus  both  indi¬ 
vidual  and.  group  evacuation  times  were  slower  than  on  trials  where  signs 
were  mounted  at  cabin  midpoint  or  below. 

Results  of  subject  questionnaires,  although  subjective  in  nature, 
showed  a  favorable  reaction  to  the  aisle-mounted  lighting  system.  Reported 
disorientation  was  Less  with  the  aisle-mounted  lights.  The  effects  of  the 
smoke  on  the  overhead-mounted  signs  and  lights  were  judged  twice  as  severe 
as  on  the  siuns  and  lights  mounted  at  the  midpoint  of  the  cabin  or  below. 

C \ -N( ' I ,sS  tON 

The  traditional  interpretation  of  lighting  requirements  has  been 
restricted  to  ceiling  and  high  cabin-mounted  installations. 

Kvacu.it ion  times  ran  be  reduced  in  a  smoke- fi 1  led  cabin  when  emergency 
lighting  and  exit  locator  signs  are  mounted  at  or  below  the  midpoint  of 
the  'Mbit,  directly  illuminating  main  and.  cross  ai;  lewavs. 

Test  subjects  reported  an  ever a 1 l  reduction  in  disorientation  during 
evaeuat  i  or.  with  aisle  lighting,  according  to  .abjective  responses  to  the 
guest  iotinai  res  ,  is  reported  in  Append  Lx  ('. 
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APPENDIX  B 


EVACUATION  RESEARCH  UNIT  PROTOCOL,  80-02 

Title:  Emergency  Cabin  Lighting  Installations  -  An  Analysis  of  Ceilinq- 

Mo untod  vs.  Lower  Cabin-Mounted  Lighting  During  Evacuation  Trials , 
EAA  form  9550-1,  ARD-500-7L-2 . 

Introduction:  CAM I ’ s  continuing  investigations  into  commercial  aircraft 

crashworthiness  and  cabin  fire  safety  is  in  response  to  the  EAA  Technical 
Center’s  Eire  Safety  Program  I  i  m  and  EAA  Eorm  9550-1 ,  Technical  Support 
for  Tt unsport  Emergency  Lighting  Evaluation,  ARD-520  Project  No.  181-521-095 
l  ARP-  50' Vi-  2 )  .  The  i  ■  f  t  (’fl  i  vo  nests  of  EAR  Part  25.812  exit  sign  and  cabin 
entei  gency  lighting  1  or  at  i  ons/ installations  will  be  analyze'!  in  dense  cabin 
smoxo  typical  of  a  post -crash  fire  environment . 

Ere  1  mi  nary  wo>k  has  stressed  the  development  of  u  means  to  uniformly 
distribute  white  smoko  in  the  cabin  of  the  evacuation  simulator  consis¬ 
tently  during  each  test.  Smoko  optical  density  measurements  have  been  made 
;  art  o:  our  effort  to  r.-pl  irate  layered  smoke  in  the  cabin  during  sue— 
cessl/e  <•vacu.it  ion  t  rials.  Er<  tiiese  preliminary  efforts,  we  have 
develop.  .1  ret  eatable  test,  methodology  which  will  allow  eons  i  -.tent  smoke 
1 i st  ;  i but i on  and  st  rat i t icat ion  t  hroughout  the  evacuation  simulator  aft 

:•  rc-i  1 .  :  Smoke  in  an  ai  rent' t  <  ibin,  whet  hot  from  a  cabin  fire  or  from  an 

external  t  i  re ,  utickly  obscures,  visibility.  Exit  signs,  cross-aisle  signs, 
lit"  t  local  at  rows ,  and  exit  wash  (flood)  I  hinting  become  less  effective 
ic  ;  rovidir.t:  ev.icuat  ion  i  r.  form,  it  ion  to  passengers  when  the  cabin  fills  with 
■■m.  k'  .  :\e ; i it  1 1  ; i  of  i’AA  Technical  Center  (formerly  NAEKC')  tests  published 

LA-7  ■  >  — 1  *  -  —  I .  K ,  "A  Preliminary  l-lxami  nai  ion  of  Interior  Aircraft  Emergency 
1 . :  ■  >!it  in-:  Endor  finis  hated  Post. -< 'rash  Ki  re  and  Smoke  Conditions,”  found  that 
t  h>w.  ring  id  exit  sign;;  ,n  id  lights  closer  to  the  floor  may  increase 
in’  :  >•  us.  mine:;;;  during  (  imes  when  r  he  aircraft  c.ibin  fills  with  layered 
••-  .  !’he  st  udv  found  t  hat  cei  1  inn-  mounted  lights  and  signs  are  of  fee- 

•  i  .■ ■<■!>.■  i  baked  fiom  view  m.l  there  is  a  sieni  i'ie.mt  decreased  emergency 
'si:,  t  !  Panin  it  .  mi  ..-vet  t  hough  c.ibin  air  t  cmjt'raturer  are  still  at  a  sur- 
•.•ivii  b  level.  Aisle  ligliting  was  evaluated  in  Hie  forms  of  armrest- 
tic-unt  i  »*  1  fluorescent  lights  and  floor-mounted  el  get  ro  1  urn  i  noscont  strip 

1  i  thts  with  the  cone  lus  ion  that.,  in  a  smoke-*' i  lied  cabin,  aisle  lighting 
ranged  licit  <  h.  •  iloor  provides  passenger  awareness,  exit  location  informa- 

•  .  ,  cid  cabin  i  1  lamination  for  a  1  aiger  period  of  time  than  coiling-  or 
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abided  human  subject  evacuation  testing  on  July  20  and  August  10,  1978, 
■  "  1 1  u.  i  to  ovacu.it  ion  problems  with  obscured  vision.  Four  tests  were 
■  nano*  ed  using  4(1  subject  ,  on  each  of  two  tost  dates.  Results  were 
t .  ■  1  i  n  i  :ia  r  v  in  nature,  having  boon  re)  ort.od  in  1  lie  Ju  1  y— September  1978 
,  .  ,  j  ■  - 1 1  Task  oil. ;  r  t  e  t  1  y  Repot  t  under  task  AM-It— 78-PR.S—  *8  .  Eos  these 

•  ,  40  test  au!)  j.'rtg  m  a  reproset.tat  ive  mix  of  the  flying  public. 


were  .ill  brought  up  to  t  ho  same  le, oiling  level  by  four  trial  runs  earlier 
in  the  aft  ernooi,.  iron;  this,  baseline,  subiects  part i ciputed  in  four  tests 
of  various  1  i  slit  inq  levels  ana  visibility  condition?;  as  follows: 


l '  1 7  K  Kme  re. -nry  biuhtinq  Tests 
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at  a  Mae  smoke  ho.mIi.'.;  used  t  >  limit  vision  have  boon  publish*,  i  in  CAM  I 
Mopot  an- Urn  Report  AAi'-  1  1  o-  ,’:i-  J  1  (ill  ,  'Oecembei  11,  1  *>7H. 

: .  i  r  i . ;  these  test;  and  the  work  conducted  by  the  l-'AA  Technical  (.’c-n'er  is 
iiack.  i  rai  i:  id ,  the  present  teat  series  has-  been  programed  to  begin  June  1980. 


K  ;u  i  i  men 

with  double  and  triple  seats  the  tall  length  of  t  ho  aft  cabin.  livery  other 
seat  row  >s  equipped  with  a  f  I  uores.rent  liaht  assembly  manufactured  by 
American  optic  biuht  wli  i  -h  i  iqld  s  t  he  aisle  as  well  as  provides  a  liqhted 
surface  ar-si  it  knee  h.eiuht  to  illuminat.e  the  aisle  passageway  and  mark 
. SCI  t  roc  i  t  i or. •; . 


t  and  facilities:  Trie  ev.icuat  ion  simulator  n as  been  configurt 


overhead  e  tb  i  ti  i  ncand.  ■so.-nt  lighting  provides  the  minimum  O.Jr.  Pb  ot 
illumination  at  armrest  hoiahl  typical  of  PAR  Part  .’A. 812  requi  roment  s . 

St, indu'd  commer.  i  a  1  I  y  aviilable  i  n.can.iescent  exit  signs  will  be  provided 
,ib  >ve  three  exits  and,  cue  cross-aisle  liqht  will  be  installed  at  the  inter- 
ion  the  main  ai  1,  with  the  cross  aisle.  The  incandescent  lights 

will  . . .  as  a  complete  lighting  system  and  ci  mparod  t.o  the  1  1  uoros- 

cent  1  i  but  i  tia  svstem  under  smoke  cond  i  t  ions. 


Trials  1  in.!  3  will  he  with  th"  .1.4 am  fluorescent  light  fixtures  in  the 
oeiiinu  of  >  ho  simulator.  T:  ia  1  .3  on  June  17  will  use  the  incandescent 
c> •  i  1  irui-nounted  1  i-tht  i  ng  system  and  Trial  4  wi  1  1  be  with  the  aisle-mounted 
fluorescent  system.  on  June  is,  Trial  3  will  be  fluorescent  and  Trial  4 
in  ’undo  cent  {' v  unterba  1  meed)  .  The  test  series  on  June  24  and  July  1 
w;  11  i  •  th<'  same  as  June  I ml  June  and  July  .1  will  be  the  same  as 


the  same  as  Juno  I  ml  June  2', 


Tiii’  exit  usoil  will  hi'  a  "Tyre  A"  (110.5  cm  X  1H.1.K  cm)  dosiqn.  Aisle 
will  he  approximately  1-2.5  meters  lope.  Airl  ini— type  its  will  be 

si  .iced  it  .''A..’  cm  pitch. 

A  nairitieit  has  been  installed  just  inside  the  left  rear  exit  to  1  lock 
sur.liqht  from  ent  or  inn  the  forward  part  of  the  cabin  when  the  exit  is 
cj  mod.  A  wooden  st  ruct.ure  has  been  ejected  just  out  side  ,  adjacent  to  the 
exit  ,  which  is  covered  with  black  plastic  and  has  black  plastic  baffles 
husiinu  from  the  ceilinq  inside.  This  structure  will  serve  as  a  shroud 
around  the  exit  to  ore vent  sunliqht  trow  enterinq  the  evacuation  simulator. 
The  aircraft  at  t.itudi  will  be  winds  level  with  the  simulator  remainind  '  >n 
t  hi'  qrounil.  Ps.cape  slide  and.  safety  net  will  not  he  used. 

"Vent y  paid  volunteer  sub  iects  will  he  used  on  June  17  and  JO  subjects  on 
successive  tests  on  June  11,  24,  20,  and  duly  I  and  2.  hassenaers  will  bo 
brief i'd  about  the  qetteral  test  conditions  they  will  bo  exposed  to  in  the 
tohl'-v  of  the  CAM  I  Buildinq.  When  both  subjects  and  the  test  vehicle  are 
ready,  subjects  will  be  led  to  the  simulator  and  ussiqned  seats.  The  same 
seat  assiqnment  will  be  maintained  throuqhout  tin-  test  series.  Seatinq 
will  he  4,  5  and  (>  abreast  in  the  forward  ;  ait  of  the  cabin. 

Cameras  will  be  prepos i t ioned  in  the  forward  and  aft  sections  of  the 
simulator  and  outside,  viewina  the  test  subjects  as  they  caress  the  black 
plastic  shroud  cover i no  the  exit.  One  camera  will  be  equipped  with 
numeric  timinq  equipment  and  flash  bulbs  will  qo  off,  qivinq  a  visual 
siqnul  to  the  cameras  that  the  test  has  bequti.  Motion  picture  cameras 
will  shoot  24  f rames, .'second  with  camera  accuracy  beinq  •*  trame/s. 

Bates  of  movement  down  the  aisle  and  total  time  will  be  obtained  from 
both  film  coveraqo  and  stopwatches. 


1 


Test  Sequence  Check  1  i 


Check 

Sill)  jtH’t 

seat  ed  pos it  ion. 

Hr  i  e  f 

.•;ub  jort  -'i 

,  "Do  as  they  are 

Photo 

ro.ira  ro:\ 

et  cameras. 

Hi  -set 

V*  lov’ks  . 

S.  'i ■  1  ace  two  flashbulbs . 

e,  v'honue  u'.it  s  i  and  inside  i  un  numbers. 
Turn  on  tape  re co t  de i  . 

H.  Readiness  chock  from  each  crewmember, 
a.  Turn  on  smoke  fan.* 

0.  Turn  (iff  nil  conditioner.* 

I.  Start  smoko  nenerator.* 

I.  Smoke  cabin  for  i>0  seconds.* 

?.  Turn  off  smoko  fan.* 

Turn  on  special  liqhtinq  for  that  trial.* 
; .  Turn  off  overhead  fluorescent  linhts.* 

[n.  Turn  on  Niqht  Viewinu  devices.* 

[7.  !'i  ve-second  countdown  (cameras  start). 

LR.  Rin<;  bell. 

Id.  Remove  door  cover  inn. 

hi.  Shout  evacuation  i  nst  rust  i  as  . 

II.  St  op  clinks. 

11.  Turn  off  Niqht  Viewina  Devices.* 

It.  Kec('id  stopwatch  read  i  nos. 

14.  Record,  clock  readings . 

Is.  Turn  oil  exhaust  tans.* 

in.  Debrief  pussenuers  and  reboaril. 


♦On  third  and  fourth  trials  with  smoki  only. 


H--J 
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APPKNDI X  C 

d"  l<es  u_l  ts  ot  Selected  question".  a  i  re  1 1:  <  -ms  : 

pet  cent uqe  of  :iul>  jocks  reportinq  oxporienci  nq  a;:  in;  res:;  i ,  ,n  or 
<>!  tin-  existence  ot  a  real  emergency  durinn  the  trial  evacuations 
■d  f r< >n  -1  '  j'f'ivenl  on  the  first  control  to  0  7  pet. ent  ,,n  tin-  second 
ev  ioi.it  ion.  This  may  be  tilt'  result  of  the  encwu  r.iqement  in  veil  the 
to  in;  rove  t  !'ei  r  :  ertoi  nance  ot.  sul  .sequent  trials.  The  r<;j«ortod 
•e  ach  in;  r.  ■  sin!,:'  incr.  a:;< wl  to  s'!  percent  on  the  third  trial 

■  was  ’its'  i  !:l  *.,.iu.-..  i  int,  the  \thj  n  hut  decreased  to  7u  sitcent 
■  :  r  i  il,  which  was  .Iso  with  smoke.  There  were  essentially  no 

■  l!  ’  <•  :  •:  ••;••••:  •  ri  •  leueie;  .  :  in;  tensions  of  an  actual  emor- 

'  •  ■  '  ’  s  •:  o  t  ’  •  ,  i  ;  s  »-rjt .ticy  1  i-th*  inn  e-mt  loved. 

: : .  •  •  ..  ...  r :  e  :  Imres:  i<  -ns  were  in  .ip]  roxi  mat  e  I  y 


s  .  s . :  eya  i- 1  i er.d. >■ :  disorientation  durinq 
■  ::t  ...  t  ; ■  •  i  •  -t  trial  to  Is.  percent  or. 

.  re.,  -.  i  !,  o'  percent  on  t.he  fluid 

•  :  ,e  !;;■:*  :  :  1 1  rod  in  •  t  i  <  si  of  sin.  'ye  . 

s  '•  |  . :  percetd  when  aisle 
'  ‘  '..  ai  ale  li. tilt  s  were  used  on  file 

■  •i  '■  ;i  :  ei't  at  id  increased  to  S.5  j  orc-ent 
‘  s.'s.  In  noth  sequences  the  report  i  d 
1  •  ••  v  ;  i  ■.  m  •.  |e  liaiitin,;  titan  with  ceilin' 

:  .  -r.c.  d'cct  with  reported  disorientation 
••  <  :  i  i  with  smoko  is,  coneled  with 


'ti'.  it  i.  ,t.  were  associated  with  r,  ovine 
•ted  onset  with  t  1  it  sound  of  the  alarm 
,  ts  inter;  reted  their  alert:  ina  react  ion 


The  i  i  :  a  :-rie;int  ed  emet  unify  1  i-'lit  ito:  was  rated  inadequate  by  52  percent 
of  •  >,  .-rpotiditiq  to  the  •  t  ii»  • .  1 1  ion  while  ,'H  j  oreont  rated  the  aisle  liqht— 

it.:  i  t.  i,  iequ.it  t.  .  ’1  he  aisle  1  iqht  itui  fa  rod  omewhat  bettor  when  presented  on 
t.he  fourth  trial  when  ;>„>  percent  rated  it  inadequate  compared  to  11  percent 
whir,  i*  was  presented  on  the  third  trial.  This  li  fere  nee  can  he  attri¬ 
buted  to  the  subjects  muk  i  tin  a  contra  rat  i  ve  evaluation  aquinst  cei  1  inq 
liuht  itn:  rath.er  than  an  absolute  iud  tmont  .  Interest  i  nq  1  y ,  a  small  number  of 
ns  ioot.se-;  indeed  the  full  briqht  cabin  liqht  inq  on  the  cent  rol  trials  as 
i  n.ii  le  :ua  t  i  • . 


More  than  half  judqed  the  effects  of  the  smoke  on  the  cei 1 inq  1 iqhts  to 
he  severe  while  only  a  little  more  than  a  third  -judqed  the  effect  on  aisle 
1  l ''tilts  to  lie  severe.  This  difference  was  most  pronounced  when  aisle  liqht- 
i  nq  was  ettij  loved  nn  the  fourth  trial.  The  effects  of  the  smoko  on  the  over¬ 
head  emer-tency  locator  -.inns  was  judqed  severe  twice  as  often  as  for  the 
bulkhe  id  si'ins  mounted  lower  in  the  cabin.  The  smoke  was  also  judqed  to 
severely  a  f  feet  a. -'-ore;  to  the  exits  twice  as  often  with  eeilinq  1  iqhtitiq  as 
with  aisle  liqht inq.  Awareness  of  exit  siqns  appeared  relatively  low  and 
nav  hive  been  the  of  t  he  suhiects'  stated  practice  of  simply  follow- 


TRIAL  1. _ ',’ue_st  ioniiji_i£i.'  Results,  Cont.ro I  Light: infi  No.  ] 

NAME:  _  _ _ _ _ _ _ VEST  NO. 

AGE: _ _  __  SEX:  _______  DATE:  _ _ TEST  NO.: 

PI ease  respond  to  every  item  on  this  questionnaire  accord] uu  to  your  best 
judgment  on  each  item. 

How  innnv  times  iiave  you  flown  as  a  passenger  on  a  comnerci.il  airlines 
duri.no  the  past  two  years? 

I  have  never  flown 

T  have-  not  flown  during  the  past  two  years 
Once  o;  twice 
T’n roe  to  five  times 
More  than  five  times 

(21  >) 

As  a  passenger,  have  you  ever  participated  in  a  real  emergency  evacuation? 

5  Yes  213  No  1  No  Answer 

Before  the  boll  sounded,  were  you  aware  of  your  seat  location  in  re l  it  ion 
to  the  exit? 

1 40  Yes  64  No  _ 9  Don’t,  remember 

Do  you  feel  that  the  briefing  on  the  evacuation  procedures  was: 

_1 42  Adequate  22  Inadequate 

_ j>  Too  long  8  Too  short 

_ 0  Too  technical  37  Not  specific  enough 

1 0  Confusing  71  Helpful 

Did  you  have  a  feeling  or  an  impression  that  a  real  emergency  existed 
during  the  evacuation? 

94  Yes  1 24  No  1  No  Answer 

If  you  answered  yes  to  the  above  question,  how  strong  was  the  feeling  or 
impress  ion? 

39  Slight  45  Moderate  10  Strong  _ I  No  Answer 


Did  you  feel  disoriented  or  confused  at  any  time  during  the  test? 

64  Yes  153  No  2  No  Answer 

If  you  felt  disoriented  or  confused,  when  was  that  feeling  strongest? 

154  Not  applicable 

_ 9  When  first  seated  in  simulator 

38  When  bell  sounded 
16  While  moving  through  the  cabin 
_ £  No  Answer 

While  you  were  seated,  before  the  bell  rang,  were  you  aware  of  the  exit 
signs? 


1 38  Yes  74  No  6  Don't  remember  1  No  Answer 

After  the  bell  rang  and  you  got  up  from  your  seat,  were  you  aware  of  the 
exit  signs? 

80  Yes  126  No  1 2  Don’t  remember  1  No  Answer 

Did  the  type  of  lighting  affect  your  confidence  and  speed  of  evacuation? 

52  Yes  103  No  42  Don't  know  2  No  Answer 

Do  you  think  the  lighting  was: 

More  than 

1 7  Inadequate  60  Barely  adequate  150  Adequate  2  No  Answer 

for  a  quick  and  safe  evacuation? 


How  well  could  you  see  the  exit  when  you  first  moved  into  the  aisle  after 
the  bell  rang? 

96  Not  at  all  61  Barely  60  Distinctly  2  No  Answer 


C-3 


TRIAL  2.  Questionnaire  Results,  Control  Lighting  No.  2 


NAME: 


VEST  NO. 


TEST  NO. 


Please  respond  to  every  item  on  the  questionnaire  according  to  your  best 
judgment  on  each  item  for  the  test  just  completed. 


Did  you  have  a  feeling  or  an  impression  that  a  real  emergency  existed 
during  the  evacuation? 

147  Yes  72  No 

If  you  answered  yes  to  the  above  question,  how  strong  was  the  feeling  or 
impression? 

59  Slight  55  Moderate  33  Strong 

Did  you  feel  disoriented  or  confused  at  any  time  during  the  test? 

40  Yes  179  No 

If  you  felt  disoriented  or  confused,  when  was  that  feeling  strongest? 

179  Not  applicable 

2  When  first  seated  in  simulator 

2 3  When  bell  sounded 

14  While  moving  through  the  cabin 

1  No  Answer 

While  you  were  seated,  before  the  bell  rang,  were  you  aware  of  the  exit 
signs? 

174  Yes  39  No  5  Don't  remember  1  No  Answer 

After  the  bell  rang  and  you  got  up  from  your  seat,  were  you  aware  of  the 
exit  signs? 

100  Yes  109  No  9  Don't  remember  1  No  Answer 

Did  the  type  of  liqhtinq  affect  your  confidence  and  speed  of  evacuation? 

44  Yes  147  No  28  Don't  know 

Do  you  think  the  lighting  was: 

12  Inadequate  58  Barely  adequate  149  More  than  adequate 

for  a  quick  and  safe  evacuation? 


•  ■/'.'.rv  V' 


C-4 


How  well  could  you  see  the  exit  when  you  first  moved  into  the  aisle 
after  the  bell  rang? 

92  Not  at  all  56  Barely  71  Distinctly 


TRIAL  3.  Ceiling  Lighting 


NAME:  _  VEST  NO.  TEST  NO. 


Please  respond  to  every  item  on  the  questionnaire  according  to  your  best 
judqment  on  each,  item  for  the  test  just  completed. 

Did  you  have  a  feelinq  or  an  impression  that  a  real  emergency  existed 
during  the  evacuation? 

83  Yes  16  No 

If  you  answered  yes  to  the  above  question,  how  strong  was  the  feeling  or 
impression? 

19  Slight  38  Moderate  26  Strong 

Did  you  feel  disoriented  or  confused  at  any  time  during  the  test? 

66  Yes  33  No 

Tf  you  felt  disoriented  or  confused,  when  was  that  feeling  strongest? 

33  Not  applicable 

2  When  first  seated  in  simulator 

4  When  bell  sounded 

59  While  moving  through  the  cabin 

1  No  Answer 

While  you  were  seated,  before  the  bell  rang,  were  you  aware  of  the  exit 
signs? 

73  Yes  25  No  1  Don't  remember 

After  the  bell  rang  and  you  got  up  from  your  seat,  were  you  aware  of  the 
exit  signs? 

33  Yes  64  No  2  Don't  remember 

Did  the  type  of  lighting  affect  your  confidence  and  speed  of  evacuation? 

66  Yes  29  No  4  Don't  know 

Do  you  think  the  liqhting  was: 

5J__  Inadequate  35  Barely  adequate  11  More  than  adequate 

for  a  quick  and  safe  evacuation? 
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How  well  could  you  see  the  exit  when  you  first  moved  into  the  aisle  after 
the  boll  ranu? 

80  Not  at  all  10  Barely  _ 3_  Distinctly 

How  much  did  the  presence  of  smoke  in  the  cabin  affect  your  access  to 
the  exit? 

_ 4_  Not  at  all  16  Very  little 

30  Moderately  36  Severely 

13  No  Answer 

How  much  did  the  smoke  affect  the  lighting  in  the  cabin? 

1  Not  at  all  4  Very  little 

29  Moderately  52  Severely 

13  No  Answer 

How  much  did  the  smoke  affect  the  visibility  of  the  exit  signs? 

1  Not  at  all  7  Very  little 

20  Moderately  58  Severely 

1 3  No  Answer 

Did  you  experience  any  physical  reactions  to  the  smoke? 

18  Yes  68  N° 

If  yes,  how  so:  (Please  describe  reaction) 
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TRIAL  4.  Aisle  Lighting 


NAME: 


VEST  NO.  TEST  NO. 


Please  respond  to  every  item  on  the  questionnaire  accordinq  to  your  best 
judgment  on  each  item  for  the  test  just  completed. 


Did  you  have  a  feeling  or  an  impression  that  a  real  emergency  existed 
during  the  evacuation? 

75  Yes  24  No 


If  you  answered  yes  to  the  above  question,  how  strong  was  the  feeling 
or  impression? 

18  Slight  39  Moderate  18  Strong 

Did  you  feel  disoriented  or  confused  at  any  time  during  the  test? 

42  Yes  57  No 

If  you  felt  disoriented  or  confused,  when  was  that  feelinq  strongest? 

57  Not  applicable 

1  When  first  seated  in  simulator 

6  When  bell  sounded 

35  While  moving  through  the  cabin 

While  you  were  seated,  before  the  bell  rang,  were  you  aware  of  the  exit 
signs? 


79  Yes  18  No  1  Don't  remember  1  No  Answer 

After  the  bell  rang  and  you  got  up  from  your  seat,  were  you  aware  of  the 
exit  signs? 

68  Yes  29  No  2  Don't  remember 

Did  the  type  of  lighting  affect  your  confidence  and  speed  of  evacuation? 
57  Yes  39  No  3  Don't  know 

Do  you  think  the  lightinq  was: 

22  Inadequate  46  Barely  adequate  31  More  than  adequate 

for  a  quick  and  safe  evacuation? 
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How  well  could  you  see  the  exit  when  you  first  moved  into  the  aisle  after 
the  bell  rang? 

53  Not  at  all  31  Barely  1 5  Distinctly 


How  much  did  the  presence  of  smoke  in  the  cabin  affect  your  access  to 
the  exit? 


5  Not  at  al l 
40  Moderately 

13  No  Answer 


25  Very  little 
1C)  Severely 


How  much  did  the  smoke  affect  the  liuhtinq  in  the  cabin? 

2  Not  at  all  jq  Very  little 

38  Moderately  2(>  Severely 

13  No  Answer 


How  much  did  the  smoke  affect  the  visibility  of  the  exit  signs? 


14  Not  at  all  18  Very  little 

31  Moderately  23  Severely 

13  No  Answer 


Did  you  experience  any  physical  reactions  to  the  smoke? 

10  Yes  74  No  15  No  Answer 


If  yes,  how  so: 


(Please  describe  reaction) 


TRIAL  3.  Aisle  Lighting 

NAME: _ VEST  fJO. _ _  TEST  NO. 

Please  respond  to  every  item  on  t he  questionnaire  according  to  your  Lest 
judoment  on  each  item  for  the  test  just  completed. 

Did  you  have  a  feoii.v:  a  tr.  in:  •  P  u  that  i  real  emeraern  y  existed 

iur  i  nq  the  evacuat  ,  ■  .n 

98  Yes  ■  No 

If  you  answered  ye:-  to  the  it  -  ve  tu. •:  *  jot. ,  h<  w  strong  wu-  the  feel  ina 
rr  i rpression? 

.'(•  .flight  o'  Me  it -rate  Kt  rot -.a 

M  i  you  ford  disoriented  ■  :  .t  :  .*  v.y  tine  dur  ir.  :  the  test? 

55  Yer.  _0  3  No 

If  you  felt  disoriented  tar  confused,  when  was  t  hit  feel  in-:  •  ronqo.-it? 

6  3  Nat  at  ■;  i  i  ■  ab ! 


2  When 

fir-tt  sea 

del  u. 

:s  i  i 

ilat 

>  Who  I; 

be  l  !  -a: 

D  It  '•  ’ 

"Tty  v;hi  1 

e  nr  v  :  •  . :  t 

hr-'-’t  :h 

f'.c 

cal 

vn-.il  e  you  were  seati  •: ,  :  t-  •  i  <  ■ '.  1  rur.  : ,  were  you  aware  of  the  exit 

s  i  tins  V 

105  Yes  is  No  Don't  remember 

After  the  bell  rang  and  you  go?  u;  fr  n  you?  seat,  wore  you  aware  of  the 
exit  signs? 

63  Yes  <17  No  _  i_  Don't  remember 

Did  the  type  of  lighting  affect  your  confidence  and  speed  of  evacuation? 
74  Yer.  ?6  No  8  Don '  t  know 

Do  you  think  the  lighting  was: 

39  Inadequate  5-1  Barely  adequate  25  More  than  adequate 

for  a  nick  and  safe  evacuation? 
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How  well  could  you  see  the  exit  when  you  first  moved  into  the  aisle  after 
the  hell  rang? 

77  Not  at  all  Jib  Barely  1  1  Distinctly 

How  much  did  the  presence  ot  sr.oko  in  the  cabin  affect  your  access  to 
the  exit? 

1 9  Not  at  all  2.2  Very  little 

f>l  Moderately  ,15  Severely 

_ 1  No  Answer 

How  much  did  the  smoke'  af  fect  the  lighting  in  the  cabin? 

_ Net  at  all  10  Very  little 

4f|  Moderately  _53_  Severely 

1  No  Answer 

How  much  did  the  smoke  affect  the  visibility  of  the  exit  signs? 

1-1  Not  at  all  22  Very  little 

4?  Moderately  38  Severely 

2  No  Answer 

Iud  you  experience  any  physical  reactions  to  the  smoke? 

18  Yes  99  No  1  No  Answer 

If  yes,  how  so:  (Please  describe  reaction) 
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TRIAL  4.  Ceiling  Lighting 


NAME:  VEST  NO.  TEST  NO. 


Please  respond  to  every  item  on  the  questionnaire  according  to  your  best 
judgment  on  each  item  for  the  test  just  completed. 

Did  you  have  a  feeling  or  an  impression  that  a  real  emergency  existed 
during  the  evacuation? 

88  Yes  30  No 

If  you  answered  yes  to  the  above  question,  how  strong  was  the  feeling 
or  impression? 

13  Slight  39  Moderate  36  Strong 

Did  you  feel  disoriented  or  confused  at  any  time  during  the  test? 

63  Yes  55  No 

If  you  felt  disoriented  or  confused,  when  was  that  feeling  strongest? 

__55__  Not  applicable 

0  When  first  seated  in  simulator 
4  When  bell  sounded 
59  While  moving  through  the  cabin 

While  you  were  seated,  before  the  bell  rang,  were  you  aware  of  the  exit 
signs? 

96  Yes  20  No  1  Don't  remember  1  No  Answer 

After  the  bell  rang  and  you  got  up  from  your  seat,  were  you  aware  of  the 
exit  signs? 

50  Yes  64  No  3  Don't  remember  1  No  Answer 

Did  the  type  of  lighting  affect  your  confidence  and  speed  of  evacuation? 

84  Yes  25  No  9  Don’t  know 

Do  you  think  the  lighting  was: 

59  Inadequate  4 3  Barely  adequate  16  More  than  adequate 

for  a  quick  and  safe  evacuation? 

j 
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How  well  could  you  see  the  exit  when  you  first  moved  into  the  aisle  a 
the  bell  ranq? 

86  Not  at  all  22  Barely  10  Distinctly 

How  much  did  the  presence  of  smoke  in  the  cabin  affect  your  access  to 
the  exit? 

13  Not  at  all  11  Very  little 

24  Moderately  08  Severely 

1  No  Answer 

How  much  did  the  smoke  affect  the  lighting  in  the  cabin? 

2  Not  at  all  _ 7_  Very  little 

38_  Moderately  70  Severely 

1  No  Answer 

How  much  did  the  smoke  affect  the  visibility  of  the  exit  siqns? 

2_  Not  at  all  20  Very  little 

Moderately  OS  Severely 

1  No  Answer 

Did  you  experience  any  physical  reactions  to  the  smoke? 

14  Yes  _103  No 


If  yes,  how  so: 


(Please  describe  reaction) 


APPENDIX  D 


Oul  fst roam  American  Corporation  1  s  Gulfstream  1C  (Stretched)  G-159 
Aircraft  Emergency  Aisle  Lighting  System  Test  Results. 

The  following  is  a  narrative  description  of  the  aisle  liqhtinq  system 
test  results  obtained  from  FAA/ASO-213  records  of  the  FAA  Conformity 
Inspection  and  Cert i f i cat  ion  approval  on  the  first  Gulfstream  1C  (G-1C) 
to  bo  modified  with  seat-mounted  aisle  liqhtinq. 

The  extended  fuselage  of  the  C.-1C  modification  necessitated  the 
installation  of  additional  cabin  emergency  liqhtinq.  Commercially  avail¬ 
able  liqhts  were  installed  under  aisle  seats  on  seat  rows  1,  4,  7  and  10 
of  the  first  aircraft  to  be  modified.  Liqhts  were  round  incandescent 
dome  units  made  by  Grimes,*  P/N  B-7545,  containing  both  a  .78-volt  bulb  for 
normal  illumination  and  a  6.5-volt  bulb  for  emergency  illumination.  The 
frosted  lens  cast  liqht  down  and  out  into  the  aisle.  Tests  were  conducted 
using  aircraft  battery  power  only. 

Measurements  of  general  emergency  cabin  illumination  were  taken  at 
seat  armrest  height  with  a  Spectra  Photometer,  Model  FC-200  supplied  by 
the  FAA  Technical  Center.  The  lens  of  the  photometer  was  oriented  down¬ 
ward  and  fixed  at  armrest  height  for  initial  readings.  The  photometer 
war.  then  rotated  90°  up  and  aft  at  the  same  height  to  record  additional 
readings.  Illumination  readings  were  taken  in  accordance  with  FAR 
Part  25.812(c)  and  (d)  at  14  positions  along  the  aisleway,  Table  D-l. 

The  average  illumination  measured,  looking  down  at  armrest  height,  was 
7.9(i  lux  (0.089  foot  candles)  and  viewinq  aft  was  1.02  lux  (0.095  foot 
candles),  which  were  both  well  above  the  minimum  FAR  requirements  of 
0.54  lux  (0.05  foot  candles) .  Liqht  cast  in  the  cross  aisles  from  the 
exit  lights  also  far  exceeded  the  minimum  0.215  lux  (0.02  foot  candle) 
requi roment . 

The  illumination  measurements  were  made  during  the  FAA  Conformity 
Inspection  of  the  Gulfstream  1C,  S/N  116  on  October  28,  1980,  by  the 
manufacturer,  FAA  Southern  Reqion  and  FAA  Technical  Center  personnel.  The 
report  on  the  installation  and  testing  of  the  emergency  liqhtinq  system 
was  published  as  Gulfstream  American  Report  No.  159-GER-14  on  November  13, 
1980.  The  FAA  Form  8110-3,  Statement  of  Compliance  with  Federal  Aviation 
Regulations,  was  also  issued  on  November  13,  1980,  and  recommended 
approval  of  data  gathered  during  the  Conformity  Inspection.  Gulfstream 
American  Corporation  submitted  the  report  and  the  FAA  Form  8110-3  to  the 
Southern  Reqion  by  letter  dated  November  25,  1980.  FAA/ASO-213  Engineering 
and  Manufacturing  Branch  acknowledged  receipt  of  the  letter  December  2, 
1980,  and  approved  the  recommendation  for  certification  with  the  aisle- 
mounted  lighting  system  installed. 


♦Grimes  Manufacturing  Co.,  Urbana,  Ohio 
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TABLE  D-l.  Measured  Illumination  Levels  of  the 
Gulfstream  American  G-1C  Aircraft* 


Photometer  Orientation 

Section  25.803(c) 
Aisle  lighting 
at  armrest  level 

Section  25.803(d) 
Exit  signs 
at  15.24  cm 

Aisle 

Position 

Looking 

Down 

Rotated 
90°  Aft 

(6  inches)  above 
cross-aisle  floor. 

Aisle 

Location 

1 

- 

- 

.225 

Entrance  to  cockpit 

2 

- 

- 

.  16 

Baggage  compartment 

3 

.009 

.009 

.27 

Fwd  cabin  door 

4 

.  14 

.073 

- 

Seat  row  1 

5 

.026 

.044 

- 

6 

.145 

.139 

Seat  row  4 

7 

.  095 

.  325 

- 

8 

.  125 

.11 

- 

9 

.127 

.046 

.55 

Seat  row  7  and 
overwing  exits 

10 

.081 

.074 

_ 

11 

.  147 

.034 

- 

Seat  row  10 

12 

.038 

.035 

- 

13  . 

.030 

.  192 

- 

14 

.039 

.057 

.37 

Rear  door 

Average 

0.081 

0.095 

0.315 

‘Readings  in  foot  candles. 
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